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ABSTRACT 
A s ing le - s t age  axial-f low t u r b i n e  having t r a n s p i r a t i o n  coolan t  ejec- 
t i o n  through wire-mesh-shell s t a t o r  b lades  w a s  t e s t e d  wi th  t h e  s t a t o r -  
r o t o r  axial  c learance  increased  t o  1 1 / 2  inches  (3.81-cm) from i ts  design 
va lue  of 1 / 2  inch  (1.27-cm). Resu l t s  of t h e  two t u r b i n e  conf igu ra t ions  
are compared over  a range of coolan t  f r a c t i o n s  from 0 t o  7 pe rcen t ,  and 
f o r  t u r b i n e  condi t ions  corresponding t o  equiva len t  design speed and work. 
b It w a s  found t h a t  t u r b i n e  performance improved wi th  t h e  l a r g e r  c learance .  
cr) m This sugges ts  t h a t  i f  t ranspi ra t ion-cooled  s t a t o r  b lades  are t o  be  used ,  
adequate s t a t o r - r o t o r  c l ea rance  be  provided, u3 I w 
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SUMMARY 
A co ld-a i r  experimental  i n v e s t i g a t i o n  w a s  conducted on a 30.0-inch 
(0.762-m) s ing le - s t age  r e sea rch  t u r b i n e  t o  determine t h e  changes i n  t u r -  
b i n e  aerodynamic performance of coolan t  f low through wire-mesh s h e l l  
s t a t o r  b lades  when t h e  r o t o r  w a s  moved 1-inch (2,54-cm) f u r t h e r  down- 
stream than  design.  These e f f e c t s  w e r e  determined over a range of cool- 
a n t  f r a c t i o n  from 0 t o  7 percent  f o r  t u r b i n e  ope ra t ion  a t  des ign  equiva- 
l e n t  speed and a s p e e i f i c  work output  (based on primary air) of 17-00  B t u  
pe r  pound (39 572 J /kg)  . Resul t s  , i n  terms of e f f i c i e n c y  changes,  f o r  
t h i s  modified t u r b i n e  are compared t o  those  prev ious ly  obta ined  f o r  t h e  
same t u r b i n e  wi th  t h e  design s t a t o r - r o t o r  a x i a l  c learance  (1/2 i n . ;  





It w a s  found t h a t  moving t h e  r o t o r  downstream r e s u l t e d  i n  improved 
t u r b i n e  e f f i c i e n c y  over  t h e  range of coolant  f r a c t i o n  i n v e s t i g a t e d .  The 
s t a g e  e f f i c i e n c y  increased  an  almost cons tan t  one percent  (from 90 t o  
91  pe rcen t ) .  
a l s o  noted.  The l a t te r  is  be l ieved  a t t r i b u t a b l e  t o  t h e  f a c t  t h a t  t h e  
a d d i t i o n a l  mixing of t h e  t h i c k  b l a d e  wakes from t h e  t r ansp i r a t ion - type  
s t a t o r  b l ades  t e s t e d  r e s u l t e d  i n  improved r o t o r  e n t r y  condi t ions  of 
t h e s e  low v e l o c i t y  f l u i d s .  And t h i s  r e s u l t e d  i n  t h e  ga in  i n  s t a g e  e f f i -  
ciency. It w a s  coneluded t h a t  i f  s imilar  t ranspi ra t ion-cooled  s t a t o r  
b lades  are t o  be  used,  wi th  apprec i ab le  amounts of low v e l o c i t y  f l u i d  i n  
t h e  wake r eg ions ,  cons ide ra t ion  should be  given t o  provide ample s t a t o r -  
r o t o r  b l a d e  axial  c learance .  
A 2-percent improvement i n  r o t o r  component e f f i c i e n c y  w a s  
INTRODUCTION 
Advanced engines  f o r  a i r c r a f t  p ropuls ion  are u t i l i z i n g  h fghe r  t u r -  
b i n e  i n l e t  temperatures  t o  m e e t  t h e i r  performance requirements.  
temperatures  i n  some cases  n e c e s s i t a t e  cool ing t h e  t u r b i n e  b lades .  The 
gene ra l  method of cool ing  t u r b i n e  b l ad ing  i s  t o  b leed  a i r  from t h e  com- 
p res so r ,  d i r e c t  t h i s  a i r  through t h e  t u r b i n e  b l ad ing ,  and then  d ischarge  
i t  i n t o  t h e  main gas stream. 
These 
The NASA L e w i s  Laboratory has  conducted a series of tests on a 
s ingle-s tage ,  30-inch t i p  diameter  r e sea rch  t u r b i n e  t o  determine t h e  
e f f e c t  of s t a to r -b l ade  coolan t  e j e c t i o n .  F i r s t ,  a t u r b i n e  having p l a i n  
(uncooled) s t a t o r  b l ades  w a s  t e s t e d  ( r e f s .  1 t o  3) i n  o rde r  t o  e s t a b l i s h  
a performance level t o  u se  as a b a s i s  of comparison. This s t a t o r  w a s  
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then  rep laced  w i t h  t h r e e  d i f f e r e n t  a i r -cooled b l ad ing  conf igu ra t ions ,  a l l  
w i th  t h e  same b lade  p r o f i l e  shape. The f i r s t  cooled s t a t o r  cons i s t ed  of 
hollow b lades  w i t h  a s l o t  provided i n  t h e  t r a i l i n g  edges f o r  cool ing-air  
discharge.  The o t h e r  two s imulated t r a n s p i r a t i o n  cooled b l ades ,  one 
having a se l f - suppor t ing  s h e l l  w i t h  d i s c r e t e  h o l e s ,  and t h e  o t h e r  having 
a wire-mesh s k i n  supported by an i n n e r  s t r u t  s t r u c t u r e .  
s c r i p t i o n  of t h e  b lades  t e s t e d  as s t a t o r  cascades as w e l l  as w i t h  t h e  
r o t o r  are presented  i n  r e fe rences  4 t o  10. The r e s u l t s  of t h e  program 
are b r i e f l y  summarized i n  r e fe rence  11. 
A complete de- 
The r e fe rence  s t a t o r  s t u d i e s  ind ica t ed  t h a t  t h e  t r ansp i r a t ion - type  
s t a t o r s  had s i g n i f i c a n t l y  l a r g e r  l o s s e s  than t h a t  found wi th  t r a i l i n g -  
edge coolan t  d i scharge .  Also,  s t a g e  tests a t  zero  coolan t  f low showed 
t h a t  t h e  performance of t u rb ines  wi th  porous s t a t o r  b lades  had d e t e r i -  
o ra t ed  more than  would be  t h e o r e t i c a l l y  expected from t h e s e  increased  
s t a t o r  l o s s e s .  Calcu la t ions  of r o t o r  e f f i c i e n c i e s  w e r e  t h e r e f o r e  made t o  
determine t h e  e f f e c t  OS c i r cumfe ren t i a l  v a r i a t i o n s  i n  f low condi t ions  
from t h e  s t a t o r s  on r o t o r  performance. Reference 11 ind ica t ed  a s i g n i f i -  
can t  d i f f e r e n c e  i n  r o t o r  e f f i c i e n c y  between t h e  va r ious  s t a t o r  b l ades  
t e s t e d .  It w a s  f e l t  t h a t  i f  more axial  spac ing  were provided between 
t h e  s t a t o r  b lades  and t h e  r o t o r  b l ades ,  more complete mixing of t h e  low- 
momentum s t a t o r  coolan t  flow wi th  t h e  primary flow would p r e v a i l ,  r e s u l t -  
ing i n  b e t t e r  a i r - en t ry  condi t ions  t o  t h e  r o t o r .  Accordingly,  t h e  w i r e -  
mesh t ranspi ra t ion-cooled  s t a t o r  b lades  were i n s t a l l e d  i n  t h e  tes t  f a -  
c i l i t y  w i th  t h e  s t a t o r - r o t o r  axial  c learance  increased  from t h e  des ign  
va lue  of 112 inch  (1.27 cm) t o  1 112 inches (3.81 cm) . This  r e p o r t  pre- 
s e n t s  t h e  r e s u l t s  of s t a g e  tests of t h i s  modified tu rb ine .  
Cold-air tests w e r e  conducted a t  t h e  equ iva len t  design speed and 
over a range of p re s su re  r a t i o  encompassing t h e  equ iva len t  s p e c i f i c  de- 
s i g n  work output  (17.00 Btu/ lb;  39 572 J / k g ) .  Coolant f r a c t i o n  ( r a t i o  of 
coolant  f low t o  primary flow) w a s  v a r i e d  from 0 t o  7 percent .  Obtained 
performance r e s u l t s  are compared t o  those  obtained f o r  t h e  t u r b i n e  having 
t h e  same s t a t o r  and t h e  design a x i a l  s t a t o r - r o t o r  spacing (1/2 i n . ;  
1.27 cm). 
The t u r b i n e  tests w e r e  conducted wi th  t h e  primary a i r  maintained a t  
a cons tan t  nominal i n l e t  s t a g n a t i o n  p res su re  of 30 inches of mercury ab- 
s o l u t e  (10.16 N / c m 2 ) .  Both t h e  primary and coolan t  a i r  were suppl ied  by 
t h e  l abora to ry  combustion a i r  system a t  a nominal temperature of 543O B 
(303 K) . Thus, t h e  heat-exchange e f f e c t s  t h a t  occur  i n  cooled t u r b i n e s  
are not  s imula ted .  Only t h e  aerodynamic e f f e c t s  are considered he re in .  
APPARATUS AND INSTRUMENTATION 
The t u r b i n e  t e s t e d  w a s  a s ingle-s tage  axial-f low cold-air  r e sea rch  
t u r b i n e ,  w i th  a t i p  diameter  of 30 inches (0.762 m) and a b l ade  l eng th  of 
4 inches  (0.102 m) . These b lades  are cha rac t e r i zed  by t h i c k  p r o f i l e s ,  
b l u n t  lead ing  and t r a i l i n g  edges,  and low s o l i d i t y ,  t yp i fy ing  t h e  fea- 
t u r e s  r equ i r ed  of a t u r b i n e  f o r  high-temperature app l i ca t ion .  The design 
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procedure used t o  evolve t h e  b l ade  shapes w a s  d i scussed  i n  r e fe rence  1. 
The des ign  requirements of t h e  t u r b i n e  are summarized as fo l lows:  
' 
Equivalent  s p e c i f i c  work ou tpu t ,  Btu / lb  (J/kg) e . e . . 19.00 (39 572) 
Equivalent  mean b l ade  speed, f t / s e c  (m/sec). . .e . . . . . 500 (152.4) 
Equivalent  mass f low,  l b / s e c  (kg/sec) .  . . . ., e . . a . . 39.9 (18.10) 
The s u b j e c t  i n v e s t i g a t i o n  i s  an ex tens ion  of t h e  tests repor t ed  i n  
r e fe rences  9 and 10 ,  wherein t h e  design s t a t o r  w a s  replaced w i t h  b lades  
having t h e  same p r o f i l e  (wi th in  manufacturing t o l e r a n c e s ) ,  bu t  made of 
s t a i n l e s s  steel  wire-mesh s h e l l  material, supported by a c e n t r a l  s t r u t .  
The b l ade  f a b r i c a t i o n  technique is descr ibed  i n  t h e  re ferences .  For com- 
p l e t eness ,  a photograph dep ic t ing  t h i s  technique is shown i n  f i g u r e  1. A 
closeup v i e w  of a b l ade  i s  shown i n  f i g u r e  2, with  an enlarged v i e w  of 
t h e  w i r e  mesh and a t y p i c a l  s h e l l - s t r u t  electron-beam weldment. 
s t a t o r  assembly comprises 50 of t h e s e  t ranspi ra t ion-cooled  type  b lades .  
The assembly is shown i n  f i g u r e  3. 
The 
The s t a t o r  w a s  i n s t a l l e d  i n  t h e  test f a c i l i t y  along wi th  t h e  same 
r o t o r  ( f i g .  4) t h a t  has  been used throughout t h e  s t a g e - t e s t  program 
( r e f s .  3, 6 ,  8,  and 10 ) .  For t h e  s u b j e c t  i n v e s t i g a t i o n ,  however, t h e  
r o t o r  w a s  r e loca ted  l - inch  (2.54 cm) f u r t h e r  downstream from t h e  s t a t o r  
than  he re to fo re .  Mechanically,  t h i s  w a s  accomplished by provid ing  a 
l - inch (2,54-cm) space r  between t h e  r o t o r  and t h e  s h a f t ,  and a corre-  
sponding 1-inch (2.54-em) spacer  a t  t h e  i n n e r  w a l l  behind t h e  s t a t o r  
b lade  row. These modi f ica t ions  are shown on t h e  f a c i l i t y  cut-away 
ske tch ,  f i g u r e  5. 
r o t o r  axial c learance  ( l / z - i n . ;  1.27-cm). 
The i n s e r t  of f i g u r e  5 shows t h e  "as designed" s t a t o r -  
The ins t rumenta t ion  w a s  t h e  same as t h a t  descr ibed  i n  r e f e r e n c e  10 ,  
i n  which t h e  s t a g e  performance of t h e  t u r b i n e  wi th  wire-mesh s t a t o r  
b lad ing  and design s t a t o r - r o t o r  a x i a l  c learance  w a s  determined. 
t o t a l  and s t a t i c  p res su res  and temperatures  w e r e  measured a t  t h e  t u r b i n e  
i n l e t .  S t a t i c  p re s su res  were measured a t  t h e  s t a t o r  e x i t .  A t  t h e  t u r -  
b ine  e x i t ,  t o t a l  and s ta t ic  p res su res  w e r e  measured, a long w i t h  t h e  out- 
l e t  flow angles .  The measuring s t a t i o n s  are shown i n  f i g u r e  5. In addi- 
t i o n ,  t u r b i n e  r o t a t i v e  speed w a s  measured wi th  an e l e c t r o n i c  counter  i n  
conjunct ion wi th  a magnetic pickup and a sprocket  secured t o  t h e  r o t o r  
s h a f t .  Turbine torque  w a s  measured us ing  a s t ra in-gage-type load  cel l .  
The load ce l l  and t h e  readout  system were c a l i b r a t e d  be fo re  and a f t e r  
each day 's  t e s t i n g .  
B r i e f l y ,  
A l l  ins t rumenta t ion  w a s  connected t o  a 100-channel d a t a  a c q u i s i t i o n  
system whish measured and recorded t h e  e l ec t r i ca l  s i g n a l s  from t h e  appro- 
p r i a t e  t ransducers .  A t  each d a t a  po in t ,  f i v e  readings  of each t ransducer  
were r e c o r d t j  and subsequent ly  numerical ly  averaged. 
4 
PROCEDURE 
The performance of t h e  t u r b i n e  wi th  wire-mesh porous s t a t o r  b lades  
and des ign  s t a t o r - r o t o r  a x i a l  c l ea rance  (1 /2 - ine ;  1.27-cm) is  repor t ed  
i n  r e fe rence  10. The second phase of t h e s e  tests w a s  conducted a t  t h e  
equ iva len t  des ign  speed and over  a range of p r e s s u r e  r a t i o  b racke t ing  
t h e  equ iva len t  s p e c i f i c  des ign  work output  of 17.00 Btu pe r  pound 
(39 572 J /kg ) .  
cen t .  
t u r b i n e - i n l e t  p ressure .  
S t a t o r  b l ade  coolan t  f r a c t i o n  w a s  v a r i e d  from 0 t o  7 per- 
This  r e s u l t e d  i n  b l ade  c a v i t y  pressures  both below and above t h e  
A s  s t a t e d  p rev ious ly ,  t h e  t u r b i n e  w a s  modified f o r  t h e  s u b j e c t  in-  
v e s t i g a t i o n  by r e l o c a t i n g  t h e  r o t o r  1 112 inches (3.81 em) downstream of 
t h e  r o t o r  as con t r a s t ed  t o  t h e  design axial s t a t o r - r o t o r  c l ea rance  of 
l / 2  inch  (1.2% e m ) .  Data w e r e  obtained from t h i s  modified t u r b i n e  con- 
f i g u r a t i o n  i n  t h e  same manner and over  t h e  same range of t u r b i n e  vari- 
ab le s  as repor ted  i n  r e fe rence  10 ,  phase IIt Both tu rb ines  were operated 
wi th  t h e  t u r b i n e - i n l e t  primary-air  t o t a l  s tate condi t ions  of 30 .O inches  
of mercury abso lu te  (10.16 N/cm2) and approximately 545O R (303 K) . 
Overall p re s su re  r a t i o s  w e r e  v a r i e d  by a d j u s t i n g  t h e  tu rb ine -ex i t  pres-  
s u r e .  
Turbine i n l e t  t o t a l  p re s su re  w a s  ca l cu la t ed  from t h e  s t a t i c  p res su re  
and t o t a l  temperature measured a t  s t a t i o n  1 ( f i g .  51, along w i t h  t h e  
measured primary mass f low and t h e  known annulus f low area. The o u t l e t  
t o t a l  p re s su re  w a s  ca l cu la t ed  by us ing  s ta t ic  p res su re ,  t h e  combined p r i -  
mary and coolan t  m a s s  f lows ,  t h e  annulus area, t h e  area-averaged t u r b i n e  
o u t l e t  f low angle ,  and t h e  t o t a l  temperature  a t  s t a t i o n  3 ( f i g .  5 ) .  
Equations f o r  t h e s e  p re s su res  are presented  i n  t h e  s t a g e  tests of r e f e r -  
ences 3 ,  6 ,  8,  and 10. 
Comparative r e s u l t s  f o r  t h e  tu rb ines  wi th  wire-mesh s t a t o r  b lades  
and wi th  two d i f f e r e n t  s t a t o r - r o t o r  b lade  axial c learances  are presented  
i n  terms of s t a g e  primary e f f i c i e n c y ,  s t a g e  thermodynamic e f f i c i e n c y ,  and 
r o t o r  e f f i c i e n c y .  The primary e f f i c i e n c y  relates t h e  t o t a l  power of 
both f l u i d s  ( a s  measured by t h e  dynamometer) t o  t h e  i d e a l  power of only 
t h e  primary flow. The thermodynamic e f f i c i e n c y  i s  a measure of t h e  l o s s  
c h a r a c t e r i s  t i c s  when cons ider ing  t h e  i d e a l  ene rg ie s  of both t h e  primary 
and coolan t  f lows. The r o t o r  e f f i c i e n c y  expresses  t h e  s p e c i f i c  work 
output  of t h e  t o t a l  flow (primary 9 coolant )  through t h e  ro to r ,  t o  the 
i d e a l  workg A more thorough d i scuss ion  of t h e s e  e f f i c i e n c i e s ,  and t h e  
methods o f  c a l c u l a t i n g  them, i s  descr ibed  i n  r e fe rence  10.  
RESULTS AND DISCUSSION 
Cold-air tests w e r e  made on a s ing le - s t age  t u r b i n e  equipped wi th  
wire-mesh t ranspi ra t ion-cooled  s t a t o r  b lades  and wi th  t h e  r o t o r  r e loca ted  
1 112 inches  ( 3 , 8 l  cm) downstream of the  s t a t o r  b lades .  Data w e r e  cross-  
p l o t t e d  and are presented  h e r e i n  i n  terms of s t a g e  primary e f f i c i e n c y ,  
s t a g e  thermodynamic e f f i c i e n c y ,  and r o t o r  e f f i c i e n c y  f o r  Conditions cor- 
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responding t o  .equivalent  design speed and a t u r b i n e  primary specific-work 
output  of 17.00 Btu per  pound (39 572 J /kg ) .  The la t te r  corresponds t o  
t h e  equ iva len t  des ign  work of the base  (plain-bladed) tu rb ine .  A range 
of coolan t  f r a c t i o n  from 0 t o  7 percent  w a s  i nves t iga t ed .  Resu l t s  are 
compared wi th  those  prev ious ly  obtained f o r  t h e  t u r b i n e  wi th  des ign  
(1 /2- ine ;  1.2%-cm) s t a t o r - r o t o r  a x i a l  c learance  ( r e f .  1 0 ) .  
Stape primary e f f i c i e n c y .  - A comparison of t h e  s t a g e  primary e f f i -  
ciency f o r  t h e  two t u r b i n e  conf igu ra t ions  wi th  d i f f e r e n t  s t a t o r - r o t o r  
axial  c learances  is  presented  i n  f i g u r e  6 .  It i s  apparent  t h a t  bo th  
e f f i c i e n c y  curves c l o s e l y  p a r a l l e l  each o t h e r ,  are r e l a t i v e l y  i n s e n s i t i v e  
t o  coolan t  f low changes, and t h e  t u r b i n e  wi th  t h e  increased  s t a t o r - r o t o r  
axial c l ea rance  y i e lded  an e f f i c i e n c y  improvement of about one p o i n t .  
It w a s  s t a t e d  i n  r e fe rence  11 t h a t ,  f o r  t h e  wire-mesh s t a t o r ,  when t h e  
coolant  p re s su re  i n s i d e  %he b lade  w a s  equal  t o  t h e  t u r b i n e  i n l e t  p re s su re ,  
t he  coolan t  f r a c t i o n  w a s  2 percent .  Above t h i s  va lue  of coolan t  flow 
rate, t h e  s t a g e  primary e f f i c i e n c y  ( f i g .  6) increased  from about 90 t o  
91  percent  as a r e s u l t  of moving t h e  r o t o r  f u r t h e r  downstream. Obtained 
e f f i c i e n c i e s ,  however, were lower than  t h e  92.3 pe rcen t  ob ta ined  f o r  t h e  
base  (uncooled) t u r b i n e  ( r e f .  3) , as ind ica t ed  by t h e  square  on f i g u r e  6.  
Stape thermodynamic e f f i c i e n c y .  - The thermodynamic e f f i c i e n c i e s  f o r  
t he  tu rb ines  wi th  t h e  two d i f f e r e n t  s t a t o r - r o t o r  axial  c l ea rances  are 
shown i n  f i g u r e  9 .  Again, both curves c l o s e l y  p a r a l l e l  each o t h e r ,  t h e  
e f f i c i e n c y  decreas ing  i n  a pa rabo l i c  f a sh ion  wi th  inc reas ing  coo lan t  
flow. 
of coolan t  f low t e s t e d .  
b ine  conf igu ra t ions ,  however, decreased wi th  inc reas ing  coolan t  flow. 
For example, a t  low coolant  f lows,  t h e  e f f i c i e n c y  f o r  t h e  modified t u r -  
b ine  w a s  about one p o i n t  h i g h e r t h a n  the e f f i c i e n c y  f o r  the turbine w i t h  
design (1/2 i n . ;  1 .2% cm) s t a t o r - r o t o r  a x i a l  c learance .  A t  coolan t  f lows 
above 3 pe rcen t ,  t h i s  d i f f e r e n t i a l  e f f i c i e n c y  remained r e l a t i v e l y  con- 
s t a n t  a t  about 1 / 2  po in t .  
The modified t u r b i n e  y i e lded  t h e  h ighe r  e f f i c i e n c y  over t h e  range 
The d i f f e r e n c e  i n  e f f i c i e n c y  f o r  t h e  two tu r -  
Rotor e f f i c i e n c y .  - Rotor e f f i c i e n c i e s  f o r  t h e  two t u r b i n e s  wi th  
d i f f e r e n t  s t a t o r - r o t o r  axial  c learances  are shown i n  f i g u r e  8 as a func- 
t i o n  of coolan t  flow rate. The f i g u r e  i n d i c a t e s  t h a t  although r o t o r  
G. e f f i c i e n c y  f o r  bo th  t u r b i n e  conf igura t ions  gene ra l ly  tended t o  decrease  
wi th  added coo lan t ,  t h e r e  w a s  about a 2-point e f f i c i e n c y  ga in  as a r e s u l t  
of i nc reas ing  t h e  a x i a l  s t a t o r - r o t o r  c l ea rance  from 1 / 2  inch  (1.27 cm) t o  
1 l / 2  inches  (3.81 cm) e 
Stage primary and thermodynamic e f f i c i e n c i e s  are cont ingent  upon 
s t a t o r  e f f i c i e n c y  as w e l l  as r o t o r  e f f i c i e n c y .  The e f f i c i e n c y  of t h e  
wire-mesh s t a t o r  w a s  determined i n  t h e  i n v e s t i g a t i o n  of r e fe rence  9. 
That r o t o r  e f f i c i e n c y  w a s  improved wi th  t h e  l a r g e r  c learance ,  then ,  can 
be a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  combined coolan t  and primary flows 
leaving  t h e  s t a t o r  mixed more thoroughly,  r e s u l t i n g  i n  less severe r o t o r  
e n t r y  l o s s e s .  And t h i s ,  i n  t u r n ,  w a s  r e f l e c t e d  i n  t h e  observed improve- 
ment i n  s t a g e  performance ( f i g s ,  6 and 9 ) .  
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CONCLUDING REMAEXS 
The preceding d i scuss ion  has  ind ica t ed  an improvement i n  t u r b i n e  
performance w a s  ob ta ined  when t h e  r o t o r  w a s  moved 1 inch (2.54 cm) f u r -  
t h e r  downstream of t h e  t r ansp i r a t ion - type  s t a t o r  b lades  than  design.  . 
This f i n d i n g  should no t  b e  construed t o  b e  a gene ra l  phenomenon, b u t  
r a t h e r  unique t o  t h i s  type  of s t a t o r  coolan t  e j e c t i o n  conf igu ra t ion .  
The r e s u l t s  imply, however, t h a t  where mechanical Considerat ions permit ,  
t h e  performance of t u rb ines  wi th  t h i s  type of s t a t o r  cool ing  scheme may 
be improved by al lowing l a r g e  axial  b l ade  row c learances .  It is  recog- 
n ized  t h a t  l a r g e  axial  clearances may i n c r e a s e  t h e  w a l l - f r i c t i o n  l o s s e s ,  
bu t  t h e s e  l o s s e s  were apparent ly  more than o f f s e t  by t h e  improvement re- 
s u l t i n g  from b e t t e r  mixing of t h e  coolant  and primary flows b e f o r e  en ter -  
ing  t h e  r o t o r .  
REFERENCES 
1. Whitney, W. J .  , Szanca, E. M . ,  M o f f i t t ,  T .  P . ,  and Monroe, D. E . ,  
"Cold-Air I n v e s t i g a t i o n  of a Turbine f o r  High-Temperature-Engine 
Appl ica t ion .  
TN D-3751, 1967, NASA, Cleveland, Ohio. 
1 - Turbine Design and Overall S t a t o r  Performance," 
2. P r u s t ,  H. We, Jr.,  Schum, H. J . ,  and Behning, F. P . ,  "Cold-Air In- 
v e s t i g a t i o n  of a Turbine f o r  High-Temperature-Engine Appl ica t ion .  
I1 - Deta i l ed  Ana ly t i ca l  and Experimental  I n v e s t i g a t i o n  of S t a t o r  
Performance," TN D-4418, 1968, NASA, Cleveland, Ohio. 
3. Whitney, W. J . ,  Szanca, E. M. ,  Bider ,  B . ,  and Monroe, D. E . ,  "Cold- 
A i r  I n v e s t i g a t i o n  of a Turbine f o r  High-Temperature-Engine Appli- 
ca t ion .  111 - Overa l l  Stage Performance," TN D-4389, 1968, NASA, 
Cleveland, Ohio. 
4& Whitney, W .  J .  , Szanca, E. M . ,  and Behning, F. P . ,  "Cold-Air I n v e s t i -  
g a t i o n  of a Turbine wi th  Stator-Blade Trailing-Edge Coolant Ejec- 
t i o n .  I - Overa l l  S t a t o r  Performance," TM X-1901, 1969, NASA, 
Cleveland, Ohio. 
5 .  P r u s t ,  H. W . ,  J r e ,  Behning, F. P. ,  and Bider ,  B . ,  "Cold-Air I n v e s t i -  
ga t ion  of a Turbine wi th  Stator-Blade Trail ing-Edge Coolant 
E jec t ion .  11 - Deta i l ed  S t a t o r  Performance," TM X-1963, 1970, 
NASA, Cleveland, Ohio, 
6.  Szanca, E. M . ,  Schum, H. J . ,  and P r u s t ,  H. W , ,  Jr., "Cold-Air Inves t i -  
g a t i o n  of a Turbine wi th  Stator-Blade Trail ing-Edge Coolant Ejec- 
t i o n .  111 - Overall Stage Performance," TM X-1974, 1970, NASA, 
Cleveland, Ohio. 
7 
7. P r u s t ,  H. W . ,  Jr. ,  Schum, H. J., and Szanca, E. M . ,  "Cold-Air Inves- 
t i g a t i o n  of a Turbine wi th  Transpiration-Cooled S t a t o r  Blades.  
I - Performance of S t a t o r  wi th  Discrete Hole Blading," TM X-2094, 
1970, NASA, Cleveland, Ohio, 
8. Szanca, E. M . ,  Schum, H. J. ,  and Behning, F. P. ,  "Cold-Air Investi- 
g a t i o n  of a Turbine wi th  Transpiration-Cooled S t a t o r  Blades.  
I1 - Stage Performance wi th  Discrete Hole S t a t o r  Blades," TM 
X-2133, 1970, NASA, .Cleveland, Ohio. 
9 .  Behning, F. P. ,  P r u s t ,  H. W . ,  Jr. ,  and M o f f i t t ,  T .  P . ,  "Cold-Air In- 
v e s t i g a t i o n  of a Turbine wi th  Transpiration-Cooled S t a t o r  Blades. 
I11 - Performance of S t a t o r  w i t h  Wire-Mesh S h e l l  Blading," TM 
X-2166, NASA, Cleveland, Ohio. 
10. Behning, F. P. ,  Schum, H.  J. ,  and Szanca, E .  M . ,  "Cold-Air I n v e s t i -  
g a t i o n  of a Turbine with Transpiration-Cooled S t a t o r  Blades.  
I V  - Stage Performance w i t h  Wire-Mesh S h e l l  Blading," TM X-2176, 
NASA, Cleveland, Ohio. 
11. M o f f i t t ,  T.  P . ,  P r u s t ,  H. W . ,  J r . ,  Szanca, E. M . ,  and Schum, H.  J . ,  
Summary of Cold-Air Tests of a Single-Stage Turbine wi th  Various I 1  
S t a t o r  Cooling Techniques," TM X-52968, NASA, Cleveland, Ohio. 
Presented a t  ASME Meeting, Houston, Texas, Mar. 2%-Apr. 1, 1971.  
(a) Core. (b) Shell. ( c )  Welded blade. (d) Assembled blade. 
F igu re  1. - Wire-mesh s h e l l  blade parts and assembly. 
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